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Fig. 1 (color online) (a) Photograph of apparatuses for cryogenic
CXDI experiment at BL3 of SACLA20, (b) Schematic illus-
tration of CXDI experiment and analysis. The CXDI pattern
from a cluster of 250 nm Au-colloid was recorded by a 10-fs
pulse.
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Fig. 2 (Color online) Theoretical background of phase-retrieval
analysis used in CXDI. (a) Oversampling of diffraction pat-
tern increase the amount of information necessary to solve
the phase problem. (b) Schematic illustration of the phase
retrieval algorithm#. (c¢) Example of phase retrieval calcula-
tion for the diffraction pattern from a cartoon monitored by
the y-value.
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Fig. 3 (Color online) (a) Variation of support shape during HIO-
SW phase retrieval calculation. (b) Projection electron den-
sity map of a spinach intact chloroplast phase-retrieved from
a cryogenic CXDI diffraction experiment at BL29XU of SPr-
ing-84). The density map at a resolution of 182 nm is com-
pared with its image viewed using optical microscope!®. (c)
Schematic illustration of three-dimensional phase retrieval
analysis for structure amplitude distribution reconstructed in
reciprocal space!”).
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Fig. 4 (Color online) Theoretical background of three-dimensional
reconstruction method for single particle used in the present
study. (a) Example demonstrating the significant difference
in diffraction patterns caused by the positional shift of inner
particle in a medium. (b) An image of L x M pixels is ex-
pressed as a point in the L X M-dimensional hyper space by
treating the density of each pixel as variable. (¢) Schematic
illustrations of multiple data analysis applied for clas-
sification-averaging and three-dimensional Fourier recon-
struction using the common line method in reciprocal space.
(d) Refinement of reconstructed density model using the
projection matching method.
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ANy 7z —y BN (Fig. 5(d)), HIO-SW fzfHE  BEBGEIC L D, FSCHE S EE02l nm OE T HECT

BRI Lo TP/ N2 = b R E G RIE L 72,
0.21 nm 45 fifRE TOEZEH = RITTHRERIC L E & SN i
BOWNFEAEROMAIT684272 DT, HHL =&
GBI EE B 7T AT LML ERET=ROLH

(a) (b) (c)

in vacuum in spherical water in cubic water (ice)

16.2 nm

\Z

Diffraction patterns at 2.1-

resolution

Phase retrleved raw projection images

Projection images after ing the electron densW‘ of water reion

Projection |mages after applylng low- pass fllter

Classified and averaged projection images

IIHIIEIII!’I

Reconstructed 3D electron density maps
in spherical water in cubic water (ice)

in vacuum

Ln(I(S))
S
FSC

Density (A.U.)

-0.04 0.00 0.04 0=
S (A Pixel

WS T &/ (Fig.5(f)), COBEZEF Y IV —V g
VIZED, WERESMOERRA RS 2 &7, FLW
78 D)V TSRS TES Z RSN,

WIZ, EE12.6 nm OFRIRWERIC & /37 E T 1A
BENDLBE ORI A A 72 (Fig. 5(b)), Wit
F% 75 TIP3P Ko €5 V30 CHOR K SNz itk o
WELIZY D 22d 0T, RUKRSFREORMITE N, *
72, WIICHDRAG X VN7 B FO X BRE—AICK T
LEAICERTELS, 2V BEKINC BT 5 KEEEGD
BN E ST X VRNV BREICEEL & 72Ky
Frbr\wic, %V N7 ESF % &Lk % 1000018 FH &
L, BZEHROY I 2 V—y 3 vV ERBRCETSZ — %5
B 7z WHSIROBITEENOT 532 VX7 BT H
WOBEG OFI10065 720, /NAsRE 717 7 4 )L (Fig. 5
() H DA 1, FED LEE p & L OEROBELRIEC?

1(S) = [ 4nDp, {sin (27SD) —27SD cos (27SD) } ]2

(27SD)?
(5-8)

THEPIT &7, KB, BELGRE R NMLE 2 5 D=12.6 nm
FRBEL DN, EORZ— THERIRE O BELBI A
B, %7-, Fig.4(a) & (5-2) T L 7= FDLLEZEAL
B %120, (LB 2K DM/ 2 —
T C LIIRATRETH - 7o,
HIO-SW {7 [E {8 TR/ HFKICIE, BEEFEKE 5
BEOHRGERETHY, PDIEBFHEEOHEBITES Tk
Vo B3R ENAET T BT 7 A I HROIERER &

»/“C common line

BT po A, KIROBETFHEE D
Puvater (X, ¥) =2po [ D =" =y (5-9)
CEPLRLZEEZFHAL T, INEBREENNZ—VrEE

Lel< &, 29 »ICPDIOBFEEZHRATE S LD

5, COUME TR CORMERETEEO /0T 5
A IWVDZEAL % Fig. 5(e) ITR L 7ce ZOETV T A MR
BACHR L C, ML & @B R A ABREFICHER

Fig. 5 (Color online) Course of structure analysis for particles in
solvent by the combinational use of HIO-SW phase retrieval,
density modification and three-dimensional structure analy-
sis for single particle??. Simulations for particle in vacuum
(a), in spherical-shaped water drop (b), and in cubic-shaped
vitreous ice (c). Small-angle diffraction patterns are shown
in the magnified view at 0.83 nm resolution. The line profiles
of the in-vacuum, in-sphere and in-cube simulations are plot-
ted as black, red, blue lines, respectively (d). (e) Line pro-
files of electron density before (orange) and after (green)
density modification. The effective resolution of each elec-
tron density model is estimated using the FSC function (f).
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H—/SA e 74 VA =%l TPDIBROIVFS A%
EO/ kR, CALRKMCIC XA 7S5 AGTNaliE Lk
D, SEE b I NE G2 BT RE AR TE,
51T, SAMITHlN/ohEiEE sy, BEETHEERAEL
TR EBRICR L TUTY, BRRET V2R TWES, ZOE
FIVOEB S EREL, FSC X0 0.28nm & #fiE I N/
(Fig. 5(f)) o BEZEAFICHTHM S MREEPEAT LA &
LT, BEEETEEREIC k- Tx v\ B THRERS
OFRRDN, FTFEAOREDS VIR S HA4EL 52
EMEFOEN S,

=FBIC, I AROKEHEREAEEL, —#416.2n0m
DI EKFEICH DA T 7 PDLICK§ % s 7HT 2 34

A7z (Fig.5(c))o [IHT/NZ —v D « F48 LD/
s/ 7 5 A1 (Fig. 5(d)shoOF#) 13, —d DEE

po DIEJT D & OE T B

1A%, sin (27S,D) sin (2nSyD)] (5-9)

I8, 8= [ 2rS,.D 21S,D
TRLOGEMSH, 787 7 A )VOBNMIEZEN S D & p
PHEE S iz, HIO-SW RZHHEIE G2 & po & A, WK
TOBE ERRICE—/SZ « T4 V2 —% L /28T 5
AT AR TH Y, SPFEALER D © OFIAE 7 IV ICHE S R
FEw ML, H5FEE0.29 nm (Fig. 5(f)) O FHE
ETFNEH,

5.3 AIECHBERF D&M 2—Poisson /A X & &

BLEEE

RIETCIE, FBUESEMNT 7 0 b oLV SRR O (K
BEMINCER TH L RSN/, TTTIR, LDH
EH 7 EBREO X #i T4 U % Poisson / { Ax &
L7zy R ab— g VEERICOW TR § 5%,

Bzerh (Fig. 6(a)) Tid, AHMREE 2102 7 51019 (2 2
Wi 4 % &, CMHEEEEGOFEM KN, RFEmH
WEICAREEAL LT, 0.21 nm 5 fFHET — R IC 2 hb
59, FSC A%/ EEE130.52mm & A< EBALL 7=y —
7T, ABBELC OBEICIE, /A RXEEBEL QWi
\ Fig. 5(a) & AEEOEBEFHEEE T IV10.21 nm OFRN 5 #
BE CHRERL T & 7,

Wi (Fig. 6(b)) Tid, BZEHITHNT/ 4 ADHE)
SHICHHE CTH - 7oo AFEEL0N Tid, H2h5RAE0.31
nm CERIGHMER A TRE T - 7278, ASRED 1 Hi
D UT720 T, (HEEEREG S 7 5 A0 R RREIC
HAL L, 2 [8l[E1R R FR % £ O #1255 = RO TR RS B 7% -
Joo ORI B ASEET HICE, MHEEBETIVTY AALT
OFEEFT IV—F vV ORE, /A AT\ FEZE M 4
DB ERTRERTH 5,

—HT, ThH—#OY I 2 L—va i, AHXHE
WEX 2 14 ThniE, Poisson / A ZITHTH 55 - CHIE

(a)
I,=1.3x101°
photons/pmz/pulse

1,=1.3%102

photons/umZ/puIse Line profiles

o7 e
S (A

FSC profiles

S (A1)

2D phase-retrieved 2D phase-retrieved

(b)
I,=1.3x101°
photons/pum?/pulse

I,=1.3%1020
photons/pum2/pulse

105 Line profiles

02 04
S(A'1)

FSC profiles

0.2 0.4
S (A1)

Class & averaged Class & averaged

Fig. 6 (Color online) Influences of Poisson noise in detecting X-ray
diffraction patterns on the reconstructed three-dimensional
electron density model in the in-vacuum (a) and the in-
sphere (b) simulations?.

IR O =R TS T P ABE T A C & 5 <R
% 4)@’(%0 7:0

6. @S FESHHTOMERR

XFEL 7V 2% L CT5 v/ &2 ARl O K55 T % 4
L, BB R X — R G L TGS T O
SRTEREERMATRE TR Z VAL VWIREN L I H
7210, LapL, (2-1)ThilbR7z X D ICEF O X FrkELbr
HESRD TSz, BURD XFEL GIR Ti, 414
ST LEPSOEPT/SH — v H LT 5D ERATRE
EEZOND, flELT, S FHEE1IMDaD X VN IHE
B FEGHEZREL, 7O MEELRE 2 kA x v
RiEb 5%,
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FEY IR

Ae—L > b XBEHA A -2 VRSB ERORARLEE

VM |

AN
Ielec<s_0) _75 <E> Pmol NA ‘ X[incident (6 1)

2N BT OV ETEE pua (=0.4e/A%), fRL
xVum (=0.74cm3/g), Avogadro i Ny (=6.0x1023/
mol), HHEF Ly, (=2.82x10"2mm), 7 FHE
(My) 1x105g/mol, 43 FH% A X () 10nm, XK
(1) 0.1nm, OSk (g) 2 &4 5 & AHBE Lidden 7°
1012 photons/um?2/pulse D¥SEITIE, R AEELIRE L. (S

=0) |%, 50 photons/pulse TL 77\, @7 fRHEA HiE
FTOTHNE, COAHBETIIRED T, HFHELRTO

FORETCOIREL N EEETNL, P 110050
Lncident DYRBRAI R TH S, I TlE, CORREZEE
Z, WENRVY =LY 4 X, KRS IEREL £ 8
L7 6, AR ORERN 7 0 b OV iR L 7o
ST RGO nm 5 RS AT O RTREYE & 3R 5 5%,
LSEIDY I 2V —Y g VTSR E LGB T, U
R —2KF (70S URY —A) OBRERTA /Y
¥ — RNA OBEREFIZ L2 > TRIUXNTF FERE S
ZD50S VARY =AY T a2y FTHDH, AT 71z
v T 22918 % 500 X 500 X 50 nm? O 7 E)L 7 7 AK I
AL -3 AEE 25 (Fig.7(a)%, ZoO3EHE, X
ARG F G OT, AR AEORELITR I +5 K &
Vo ARHEICHEBEIC X2 AS L 28 E&0mEET/S 2—:

(%, 1 HEOEEBS T OISR T % Fpi(S) , BEEHRO
WER T % Fyw(S) £ LT,
Np Np
[(s) [mcldent < > [ ZZ Pi (S) *FPz + |Fw (S) |2
i

; NZPFW(S) Fo )+ P Py B S
{, >
(6-2)

THE2bN5, COHBE, BV A XATKTFORES
TlE7a <, K#EEDO K EX500nm TH 5 EICHEET 5,
ETHICHMT S Ewald BROMIEA ZE L, #6208
nm FTOBEHT/AZ — I L TS R 2V —V s
VAT 5 72, 0.8 nm 45 fREE T ORESE FENTIC L FE  BLiE O
Wi 550S U7 1=y 1832l A HE L, 8 KD KEEIC
229M8 9 D, ALK TR RE (46 mg/ml) T
B L 7o 3R MU, 043 BOKS T &, 2.1F5H
BO50S 7 1=y FEFHREENTWS

OS [t 4 T Poisson / A X%%‘f‘?bt% , 0.8 nm %} fi#

HE CRESSIENT 3 51213, Lncident = D X 106 photons /500 x
500 nm?/pulse O A FREBLIETH - 72, KD [EPT/S
2 —121d, Fig. 5(e) X D S IS WETER O kD A
Ry ZIVHE NIz, HIO-SW ALHETEIC & > TH/z 8 1
DIKFNEBE G 0 H1832MH D50S V7 1= v R A
BC, H5EHOFIICH - T3.2nm FFEETHIMIET TV

Phase retrieved image

Diffraction from 70S
ribosome pellet @SACLA

Reconstructed 3D
electron density maps

density map of
crystal structure

(b) d=50 nm d=500 nm

Vitreous ice

Fig. 7 (Color online) (a) Structure analysis protocol for macro-
molecular assemblies embedded in vitreous ice3?). In this
case, 229 50S ribosomal subunit particles in 500 x 500 x 50
nm3 vitreous ice plate. From 1832 images of 50S subunit
oriented variously to incident X-ray, a three-dimensional
electron density model at a resolution of 0.8 nm is recon-
structed. Diffraction pattern of 70S ribosome collected at
SACLA suggested difficulties to perform the proposed pro-
tocol. (b) Electron density contrast between 50S ribosomal
subunit and vitreous ice region became worse when the thick-
ness of the ice reaches to approximately 10-fold of the size of
50S subunit.

HESE | 7=, 4 f#KEA3.2,1.6,0.8nm L R4 LTS
EElLa L, FSCHRHERE0.8 nm DRMKETHET
TNHERI, BTV, fFBikE» O L /0.8 nm 4
REORETHEEN R V—F%ZRL 7, FIC, Crown
view & XN B LR THED 73, Crown D4 % LK
95508 URY — AFHERFEF TH % 5S ribosomal RNA
DA 7 BB IR, 50S VR —ADXRTFV)U k
FVURAT 25— ERIETHER I NIRRT F F R H D
W5 b ok, S EOBEP RS BHIN TS,
AT, 70S VIRY — AOERE A FR L T SACLA (T
T ORREERPRE P ZFHNIBDO TS (Fig. T@ 4G F
X)o

EIE S N/ ZRoUET%E TIE, Fig. 5-6 OEEho v
22—V vV EREEE KTFIMNETICHTET % ribosome

2N BORTEED—RREL T, REBTEE
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, WIRFIRNETEESMORED E DT~ FEE
éﬂ KTPEFEECOELAENTLED (Fig. 7(b)),
ZDORE, KEBOEFEEEFPKESH > THLRL,
20nm Y A AD50S ¥ 7 1=y F %500 nm OKIZ AN T

WEETEELTRDS &, 50SY T 1=y F OB KE
{HEabh b,

Ky 22—y g VEERPS, BEHIHLZEE 1620 % H
WCE ST L TPERC L 7ok EEIRRHT S L T4 7 i
O XFEL 7OV A A TE L, B9 FHEEOBRME
FEHRETR 20 O, K5 FREERE S AR & WHE & 9 5 [ HT s s
TR T EREOFENTIETE AT EPHLM LR

07‘:0

7. XFEL IC&1F 218 ERADERM

AR T ORESE TIC O WS, FERART S L&
DT, Hi2HICTRELLTETHCTHRTELS T
HbH, —H T, CXDIiCid, HEEMMTO LTkl T
NEREREOMEIN TS, COHITHE, XFEL T
BoN B BTS2 — 2 OMREIE TORME SO £ OFRREK &
PR 2 RIS >\ T 72,

7.1 EBREFHMERE

CXDI S8 Tid, AHXHBICHTLHIE—LAF v,
FABELA L v/ 3—, BHBFETORY Gh¥F v v 7L
W o ST ER L B OBFIEIC L - ¢, BB X
MEME RO m#FT /% — v Ziig T\ (Fig. 1), 3R
BB 9 5 158 % & SR ARSI O [EHTRIE 25 K Hh
TW5b &, ko HIO-SW (i HEIEE TlE, YR—1H
WA IEMICRET A DL <, FETE5BEIENE
W7 B, Ok CXDI/XZ — i b OB EIEME A
RS 57280, EAEROERIEO A2 6, FEONMY
w e 3 % dark-field phase retrieval (5 ELEF Az AH [E11E 1)
BRESN, EBRT — X ORIICHVBRIBDID, &
AR O BRI b R TR FEE & FT Ik d
LDOT, REEFBICHET SBERE S A, BEREMYICE
AT — X O & LOBREIRIZIRAETIE kv, TIT
3 OHEmOME L, Fx OIER L 7 EREF A HEIE Y ~
N LT OGNS EOFHEEE 2 TAhRIZW,
ST — % DA AR\ NGREIEOZ OIS, HERT
’ﬁﬁﬁﬁ@&%ﬁﬁ%&?%7%ﬁMﬁﬂ%%bé
aViRY a—v g VERICK ~ A7 BB EEERT O
%%ET¢5&,%%ﬁ&%ﬁk?Xﬁ%ﬁ%mTtt
BARL m (7)) OB ZAR L7525,

Poarc(P) =IFTLM(S) x F(S) ]=m (P ®p(7)  (7-1)
EH L, A ERE~ A7 BB EEN S S5 &, IFT
L 7222 HIBIKUC Gibbs A 23 4E U TH R — FRRHEE
T WNHIC T H DT, S D PICFICHL S 5~ A7

B & L C Gaussian AV HNTW 5

M(S) =exp [ - (S—a)%x?/2]
22

IFT[M(S)]=exp <—2§2 ) exp (—2mirea) (7-2)

CCT, aldEr/ Sz — v TO~ 27 BB O ALE
X IR AV BEROBEHERETH 5, BEHEBRIIERTEL
’Cﬁﬁiéhéﬁ&b HIO S22y B 4 {1 Tid 53 & i
DM SiwEET 5, BEHIAHEEE T, BERIERHRS
< AV BICIRE SN, SATEEREYTRE ORI L5
Poisson / 4 ZAOWEBNFEE I wb, INHICHIET S/
B, A RN EZERW RSB RESI N TN 559,

pr(7) € Support
Pi+1(P) = 1p(#) = Bpi(7) & Support N | pi(7) | > 30neise
0 & Support N [ pr(7) | <3dise

(7-3)

C C TRAE noise (3, Poisson #EHZHE - TREIFTIREE % 5F
filid % & THREY S,

PDI ©0.21 nm 4 f#HE £ CTOEH /% —/ (Fig. 8(a))
KX AVBERAERL, BAOKEHRBHEKO AL L /2
(Fig. 8(b)), T DO~ A7 /8% =/ IZHEHE A B8] 4 fiti 4
b, Fig. 8@ DETHELMRL I ENTE, IHIT, C
OBETEE T R—1F L L, FASMTAKIEL 7 Fig.
8(a) /% — /2%t LT HIO-SW (zAH[EIE % i L 7255 5,
Fig. 8(d) DEE THENHAETE 1,

KE AR H 6 BIICR L - BB ICERHOR T 217

(d)

(©

Fig. 8 (Color online) Dark-field phase retrieval method is a useful
to obtain the initial support shape for HIO-SW calculation.
Original diffraction pattern from PDI (a) is masked by a
Gaussian (b). The dark-field phase retrieval applied to the
masked pattern gave a Gaussian-smeared projection density
(¢c) to be used as the starting model in the HIO-SW phase
retrieval for the diffraction pattern in panel (a). The final
projection map displays structural details of PDI.
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FEY X

Ae—L > b XBEHA A -2 VRSB ERORARLEE

FES BB D ORI/ S X — 2/ Tk, ANy 7)) A L8
N T BH7280, HLBKUZDLD ANy 7)b % Bl
T5CENEMICLRETD S, £DLDLGE, K
BAAREEENER LI OANAFYTH L LE L BN %,
Texid, DR, I ABBCE B 7RSI AR ER IS D
T, ARy 7Y AKX, GEELHIE S A —2 —FD%
L3 & D XS IR HEIERS RIS E 2 RUT§ paBat L T
B0, K0ECEEFORCEEHREAHBIREE OB 2 B
LTWw5b

7.2 Ewald BICEAH B [ERE

5, 6 IO TiE, BEEHALFIAT L0, AHX
FUERE 2 PIVICERE R OB/ S 2 — 2/ 2 b OER[O1E
HEELELTROP > TE/, LAL, EERTIE Ewald Bk
E AL LTSRS D E S X — v & L TRl A
(Fig. 9(a)) DT, LNTFOERMFAHEZENFHICARTH
5o XA F R OREY A A A O%4, Ewald BRif
D Sops & S, =0 FHEHOHERE (Fig. 9(a) N OARAKHR)
D124 XD KREL LA L, WEEHEBEHTAZ LM
HEEIZR D, BEEINLGETFEE-REREELT S
WL D, Hl 2, A 20 nm OR T ICx L C0.1
nm O X fAEHWAEEE, BEEHEHW/2@id 1nm
ﬁ&if@¢ﬁ@ﬁﬂﬁ—/uﬁﬁéh%oﬁnmﬁﬁ®
X fpid, %ﬂ@ﬁﬂ%ﬁﬁ%%@%t@miﬁﬂf%%
7, Ewald BROFZRED/NDE K e b 72010, HEEHOF
JHEIH 28 % % (Fig. 9(b)),

XFEL % f\W /B ERIBEERTH O, 1EOK T
1245 MESTT 4 =B Eh D, TENIT,
1¥ 3y FTOEPFNT =P EEWGREE T RIS
AR L7V, B, BEAARETICIA 7, WE S g
IR B RE SN 7237, RER X B & A WcE
EHEADIEARZINTVEA, kxR EZ RO TWw
%o

CC T, CoMEEBITICE 2 TRz, Ewald
BRifi EORITHRE &b FORTEE ORI, LLTFD2
RIZOWTOEREDPLETH 5,

(1) Ewald 2R _EOREEIRIED A 2> © OREERTHEE

(2) Ewald 2k EHSERT O IFT THON S BT HE

ERFOEFHE L OBIR

Fxld, TNOORMBEIC O W TR A EBE R ERATE /-
B, NZOWTEREWH A CEB L B> Thig, IS
B TR TH Y, RTFOETHEE p
(7) & Ewald ki EOMERF2 OB INLBTFEE
Prwad (7) (Fig. 9(b)) (¥, Hermit 7% H(z, ") %#H T
Pewad () =H(r, r)p(7 ) O XSRS BAIETH S
B, TR S REE CT— X ERTOMLER DS, (1D
FIREIC O\WTIE, S % E L -85 & kg, HIO-
SW #HW/GEIHEEIC L 57 o —F D k5> Th 5,

(a)

Ewald sphere g

(b)

Ewald sphere  Electron density maps from the structure factors on Ewald sphere

A= 1X10% nm

Fig. 9 (Color online) (a) Geometrical condition in elastic scatter-
ing and Ewald sphere. The cyan-colored line indicates the
reciprocal distance between the plane normal to incident X-
ray and Ewald sphere. (b) Variety of the Ewald sphere de-
pending on wavelength of X-ray. For PDI molecule, the IFT
of structure factor on Ewald sphere is calculated numerically
and visualized.

7.3 RZT7A—IRICKBIAMFZIOR R YT
3y FOHE

XFEL & AW 7o ERIZEER TH 5720, 1 2Ok T
IS S RSk S, - TEROR T A2 Kud 57k E
LT, aNZNORFICIEFIC XFEL % B4 5 FIC 7%
%, Fig. 7(a) DFEBRICI\N T, KN ORI T A\ ICHE
AN B L UGS LR & BB EE 2 TAKV, &EIFT/S

—Vhb, BLHANPLRIKTOAF v TV gy bR
"BoNbEEZLND, LT, BRKEHDE/SX—
POEEINLBEIER « EGT 52T, NTFOXAF
IV ABFENLZ ENTELPL LN,

LAY (51B88) #HW5 &, HESsKERR
HOFNRELTD, 22007 5 AHTHT ENTET
(Fig.10(a)), —%, WMIPICRL LEEDEREEINLY
&, EWICERO 7 5 A5 T PLETHY, 75 ARDOH
RPTHDI=D, BONTERHD I SADLIAF IV A
HIARDLFIINZIERTRETH A D, ZDLDEEE, “~
ZT7 3=V OSSO EHCNIRTFOX A F 37
AP OEPICTEL2L LNV EEZONBO, “~
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(a)

Fig. 10 (Color online) (a) The classification and averaging pro-
tocol is able to distinguish PDI molecules in two different
conformations®#? in the in-vacuum simulation. (b)
Schematic illustration of manifold in multi-dimensional
space used to describe the dynamics of molecular systems.

ZT7x—VET BRHWA L, Iz, FERLINTN5E
% FiE ORI B0 K DICNS NS I L, Hg
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Z E R A0,
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XFEL TREE S DAF vy TV ay FRHEIESINS
EINLHDT, A—N—avta—% [5] OXS57kH
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72 2 RIGIEFT T — Z O L NEN TELER TS, B
LWAERRIEB LFURER¥EA R Z T30 TEHAvh &
2 TW5b,

SEE
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Abstract

Coherent X-ray diffraction imaging is an useful technique to visualize the three-dimensional struc-
tures of non-crystalline particles, which have not been crystallized. The projection structures of
sample particles are obtained only from the structure amplitudes of diffraction patterns, and the
three-dimensional structures are reconstructed from tomography experiments. In this review, we
revisit the structure analysis theories specific to this technique. In addition, we introduce our pro-
tocol, which is developed for structure analyses of particles/molecules embedded in water drops
and vitreous ice. We also summarize problems to be solved for future application of this tech-
nique.
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